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I. INTRODUCTION
The recent stream of papers arguing that growth is essential for poverty reduction 2 has renewed the debate on the sources of economic growth in low-income countries. This debate is of particular importance for countries implementing poverty-reduction policies, because these policies emphasize the importance of growth. Member countries of the West African Economic and Monetary Union (WAEMU) 3 have adopted the Millennium Development Goals (MDGs), and have prepared Poverty Reduction Strategy Papers (PRSPs) with ambitious growth objectives. However, these documents present little evidence regarding the sources of growth, casting doubt not only on the achievability of such growth objectives, but also on the suitability of the economic policies chosen to reach the growth targets.
WAEMU countries adopted in 1999 a regional "Pact of Convergence, Stability, Growth, and Solidarity" to strengthen economic stability and increase growth through regional integration. The Pact stresses the need to reinforce convergence of performance and macroeconomic policies through further progress in structural reforms and the harmonization of sectoral policies. The Pact is expected to spur growth by increasing economic discipline and reinforcing confidence in the currency, which is pegged to the euro. It calls for countries to observe a set of common accounting methods and judiciary standards. In 2000, a customs union was created within which tariffs barriers were lifted and a common external tariff established. Also, convergence criteria were set regarding budgetary and other macroeconomic policies.
This paper analyzes the dynamics of growth and convergence in WAEMU countries using a Solow-Swan-type model. Dynamic panel data methods are used to assess the convergence hypotheses in the zone. Following the estimation of the responses of economic activity to changes in factor inputs, a growth accounting framework is used to estimate the role of total factor productivity (TFP) gains in the growth performance of WAEMU countries. Determinants of TFP growth are identified and a simulation exercise is conducted to assess the extent of TFP growth that would be needed for countries to meet the MDGs. The paper uses recently developed empirical models to produce consistent and efficient estimators of the parameters in the presence of country heterogeneity.
The paper is structured as follows: Section II presents the competing theoretical growth models and the econometric tools available for their estimation. Section III discusses the empirical results and investigates the determinants of TFP growth and its importance in explaining per capita growth in the WAEMU. The paper then discusses the growth in TFP required for per capita GDP to grow by 3 percent a year, deemed the minimum to reduce poverty by one half over the next ten years. The conclusion summarizes the findings, and suggests areas for further research.
II. THEORETICAL BACKGROUND AND EMPIRICAL METHODOLOGY
The neoclassical paradigm provides the theoretical underpinnings of modern growth theory. The main assumption of the neoclassical model is the law of diminishing returns to labor and reproducible capital. This hypothesis has two implications. First, factor accumulation should explain only short-term fluctuations of economic growth around its steady-state rate. Second, for a given saving rate, poor countries are likely to grow faster than richer ones, fostering convergence of per capita incomes among countries in the long run. In this setting, the differences in long-term growth of wealth per capita across countries cannot be explained by the growth rate of savings, but rather by technological progress. Nonetheless, the results of the empirical literature devoted to testing whether the data validate the theory have been at best mixed. In particular the neoclassical growth variables (rates of growth of physical capital, human capital, and the labor force) explain only a small share of the variations in per capita growth. Furthermore, as pointed out by Barro (1991) , cross-country evidence indicates that per capita growth rates have little correlation with the initial level of per capita income. The small share of the variance of per capita growth explained by the Solow regressors has pushed growth empiricists to investigate additional determinants of growth. Endogenous growth theories modify the neoclassical model by introducing constant returns to scale for output in effective units of labor. Romer (1986) assumes increasing returns to scale after introducing technological change. Such models are consistent with the observed absence of convergence in per capita income and can explain the persistent wealth differences between countries with the same rates of accumulation of capital and population growth.
A. Conceptual Framework for Growth Dynamics and Convergence in the WAEMU
Growth theories have developed an accounting framework that allows the computation of the relative importance of factor accumulation and TFP in explaining per capita growth. They also provide a framework to assess the convergence hypothesis implied by the Solow model. The basic Solow model and its augmented form predict that each economy converges to its steady-state level of output per head. The early results of the applied literature using this model can be embodied in Barro's (1991) findings that estimate the speed of convergence at 2-3 percent a year 4 . The existence of a steady-state equilibrium for per capita output relies critically on the assumption of diminishing returns to labor and reproducible capital. If this assumption does not hold, the steady-state level of output per head is undefined and differences between countries can persist indefinitely even if they share the same rates of capital accumulation and population growth. The relaxation of this constraint is the main innovation introduced by the endogenous growth theory (see Lucas, 1988) , which allows for the absence of absolute and conditional convergence 5 .
Absolute convergence occurs when per capita incomes of countries converge to a common steady-state level in the long run regardless of the country's initial conditions. Conditional convergence occurs when per capita incomes of countries that have a similar structure converge to a common steady-state level in the long run regardless of the countries' initial conditions. A third concept, "club convergence", differs from conditional convergence in that it implies that the initial conditions of individual countries are the same. The concept of absolute convergence (referred to as β-convergence) differs from an alternative concept (known as σ-convergence) according to which the dispersion of real per capita output across a group of countries tends to fall over time. Figure 1 below investigates the σ-convergence assumption in WAEMU countries by presenting the path of the second moment of the distribution of per capita output. , and strong reduction in divergence . The dispersion of income, measured by the standard deviation of GDP per capita, was at about 46 percent of the average per capita income in 2002, as in 1965. The presence or absence of σ-convergence only indicates whether the wealth gap, or inequality of per capita income, among member countries has narrowed over time. Absence of σ-convergence does not tell anything about β-convergence or the existence of a steady-state level of per capita output.
Absolute convergence tends to be generated by σ-convergence. It can be shown that the dispersion of real GDP per capita decreases when the speed of absolute convergence increases. In this regard, the high and increasing dispersion of GDP per capita, especially before the 1980s, suggests a low speed of adjustment of WAEMU countries toward a common steady-state path and also a weak convergence of poor countries toward richer ones. Hence, the high dispersion of per capita GDP increases the likelihood that endogenous growth, based on increasing returns, might be at play and that neoclassical growth variables would not be sufficient to explain the bulk of the variations in growth. If a large part of the variation in per capita income can be explained by countries diverging from their steady-state paths, then conditional convergence can provide indications of the dispersion of income per capita across countries. Figure 2 shows that initial conditions in WAEMU countries were very different, with per capita income in Côte d'Ivoire (the richest country in the zone) 4.6 times larger than in Burkina Faso (the poorest one) at the beginning of the period. Even though Burkina Faso has made some progress in closing the income gap with the richer countries, there is no clear-cut evidence of the general "catch-up" prediction of the Solow model for the entire sample of countries, since the two richer ones at the beginning of the period are still in their initial relative position at the end of the period and the average dispersion has remained at about the same level. It is worth mentioning that the cross sectional dispersion of per capita output is sensitive to shocks that influence a subgroup of countries in the sample. In the case of the WAEMU zone, this dispersion is mainly driven by the sharp fluctuations in the international price of commodities (mainly those produced in Côte d'Ivoire, given its importance in the zone), which in turn affect the level of per capita income. 1965 1970 1975 1980 1985 1990 1995 2000 Phosphates, US Dollars per Metric Ton
Source: World Economic Outlook, IMF As shown in Figure 3 , the price of cocoa produced in Côte d'Ivoire declined by an average 5 percent per year from its 1977 peak up to 1993, and has fluctuated significantly since then. The prices of coffee and phosphates are also substantially below their peak of the mid1970s, while cotton prices held up better until 1995, benefiting poorer countries such as Benin, Burkina Faso, and Mali, and reducing the divergence of per capita income.
The observed absence of σ-convergence also makes it likely that factor accumulation alone would not be sufficient to explain the differences in growth between countries in the WAEMU zone. Therefore, country specific variables -such as human capital accumulation, and other policy variables -and changes in total factor productivity might partially drive growth and account for its dispersion among countries (see Appendix I).
B. Alternative Empirical Models for Estimating Growth and Convergence Speed
In contrast with several studies on growth and convergence reported in the literature, a panel data approach is used, mainly because the number of countries in the WAEMU zone is too small for individual countries estimates to make use of statistical similarities across the region. Furthermore, since a larger number of observations is available, panel data have advantages over pure cross sections or pure time-series data, in that they make it possible to account for latent heterogeneity and to reduce the standard errors of point estimates (efficiency gains). Panel data also provide the possibility to specify and test more sophisticated dynamic models, as well as to alleviate multicollinearity problems.
Model specifications
Panel data models are used to investigate the type of convergence at play in the WAEMU countries, and to estimate the member countries' speed of convergence toward their steadystate level of per capita output. To discriminate between the different models of growth, the starting point will be a variation of a model used in Lee, Pesaran, and Smith (1997) . We consider a regression of the first difference of log of per capita output on the lagged level of log of per capita output and an intercept, as well as a time trend. This specification will give insights into the issue of absolute convergence discussed above, since λ can be interpreted as the speed of convergence toward a common steady state.
Convergence toward different steady-state levels can be tested by relaxing the assumption of a common steady-state level and by comparing the predictive power of the constrained and the unconstrained models. where X stands for a list of policy variables; s k and s h represent the shares of output invested in physical and human 7 capital respectively, and subscripts i, and t a country and a time period, respectively. α and β are the growth-elasticities of physical and human capital, respectively. Equations (1.3) represents the unconstrained model for growth dynamics. In order to determine the role of factor accumulation and technological change, equation (1.3) is estimated in two stages. First the Solow model is estimated and the residuals are retrieved; second, the residuals are regressed over policy variables thought to be key determinants of the efficiency in the use of factor inputs. The long run growth rates are thus simulated.
Estimation method
The first problem one is faced with when using panel data models is the choice of the estimation method, which is crucial to the validity of the estimates, since pooling the cross section and the time-series dimensions reduces the range of consistent and efficient estimation methods. Panel data are often estimated using fixed effects or random effects models. However, these methods can potentially produce inconsistent and/or inefficient estimates. We use in this paper the mean group and the pooled mean group estimates (see Appendix II).
III. EMPIRICAL RESULTS
This section presents the results of the estimation methods outlined above and carried out for the WAEMU countries. It starts by analyzing the statistical properties of the variables included in the traditional Solow model (growth, human and physical capital), as well as their implications for the estimation techniques (see Appendix III). It then estimates the basic and HCA Solow models, and further investigates the role of conditioning policy variables, and infers the unobservable impact of technology changes. Table A3 .1 in the appendix presents the results for the unit root test conducted on the Solow growth variables. The results indicate that per capita output contains a unit root and is an I (1) process. However, the Solow regressors are I(0) processes. The existence of a unit root in the per capita output variable indicates that deviations of per capita output from its steady statelevel are permanent rather than transitory. This provides further evidence of absence of at most weak σ-convergence among WAEMU countries' income, which is reinforced by a simple autoregressive (AR(1)) model (see Table 1 below). The negative sign of the coefficient on the lagged dependent variable indicates that GDP per capita has converged toward its steady-state path for each country, and that in a long-term perspective, the wealth gap between richer and poorer countries in the zone has narrowed, albeit at a slow pace, during the period under analysis. The convergence speed is estimated at 6 percent on average over 1965-2002, which is consistent with Barro's finding (1991). The convergence is absolute because it applies without controlling for explanatory variables other than the lagged per capita output. The low speed of convergence is consistent with the absence of σ-convergence. It would be interesting to investigate the stability of the convergence coefficient across time to look into the role of the convergence pact recently signed between these countries in accelerating adjustment capacity in the WAEMU zone. It should be noted that the estimate of the convergence speed might be biased if there are omitted variables. In this case, the estimation of growth dynamics and speed of convergence should be dealt with in a more appropriate framework. Such a framework is presented in the next sections. Table 2 presents results of the estimation of the growth equation. As mentioned above, the unconditional convergence hypothesis holds but the model for estimating the speed of convergence is weak and is likely to produce a downward bias in the point estimate of the speed of convergence. By improving the specification through a correction for omitted variables, the estimate of the speed of convergence increases, as well as the quality indicators of overall fitness of the model. The estimation of the Solow model, in its basic and human capital augmented versions, suggests a significantly higher speed of convergence of GDP per capita among WAEMU countries. Further, in line with the Solow model, the investment share in output is a strong determinant of GDP per capita growth in the WAEMU zone and an important policy variable that could support convergence in per capita output. However, the adjusted growth rate of labor force does not enter the regression with the expected sign. The estimation of the basic Solow model indicates that growth in per capita output in the zone is positively linked to the labor force growth, suggesting that these economies have a low level of capacity utilization and hence are much below their potential output (far from full employment). Any new worker has a productivity that is higher than the increase in physical capital needed to keep the ratio of investment to GDP at a level that can sustain growth of per capita output. However, it could also be the case that these results come from measurement errors of the labor force, given the scant census and surveys.
A. Statistical Properties of the Variables

B. The Basic Solow Model and Its Augmented Version
The results of the estimation reported in the last column of Table 2 indicate that the 1994 devaluation has changed the path of growth in WAEMU countries, lifting growth per capita by an average 3½ percent per year.
The constrained basic Solow model gives results that are in line with the theoretical prediction. In particular, human capital growth has only a weak impact on growth. This result is broadly in line with the findings of the relevant empirical literature (see for instance Pritchett, 2001; Sacerdoti and others, 1998) . Nevertheless, the results may reflect the estimation technique that was used, which leads to estimates that are in general inconsistent, inefficient, and prone to bias. In particular, the technique fails to take into account the heterogeneity of countries in the sample and to distinguish between the long-run and the short-run effects. Intuitively, the return on investment in human capital cannot be detected in the growth series in the short term and one needs to build a model that contains both short-run and long-run parameters. Further, in the context of WAEMU countries, the model for estimating growth should test for correlation in country specific shocks. Monetary and price shocks are clearly positively correlated in these countries, as they are heavily dependent on the price of a similar group of commodities in the international markets, and have a common currency. The countries are also subject to the same weather shocks, which tend to have sizable impacts on their economies, given the importance of the agricultural sector.
Failure to take into account these features, and in particular, the ignored heterogeneity would give inconsistent estimates of the speed of convergence, which would tend toward zero even if the source of heterogeneity is purely random. This could explain partially the low speed of adjustment found by Barro and the ones presented in Tables 1-2 above. We allow in the following for slope heterogeneity by considering the mean group estimation (MGE) of dynamic heterogeneous panels as first estimates to produce the pooled mean group estimates (PMGE) for which long-run slope homogeneity is assumed for the variables. The estimation of the HCA Solow model for WAEMU countries is conducted using an autoregressive model with distributed lags (
; see Appendix IV). Comparing the results of the PMGE with other traditional estimators presented in the literature (some of which are produced in Appendix IV), it is clear that the documented absence of the link between per capita GDP and human capital stems from inadequacies with the estimation methods. In line with the theoretical predictions of the augmented Solow model, the PMGE shows a strong positive impact of human capital on per capita GDP in WAEMU countries, both in the long-run and in the shorter term. As one would expect, the long-run effect of human capital is of higher magnitude than the short term impact. The longterm human capital elasticity of per capita GDP is estimated at 0.4, while the investment elasticity of per capita GDP is 0.2. Labor force growth does not have a significant effect on per capita GDP, and further, as a major difference with previous estimates shown in Tables 1  and 2 , the PMGE indicates a per capita GDP to investment elasticity that is higher than the elasticity to labor force growth. This indicates that the constrained model where the difference between investment share and adjusted labor force growth is used as a regressor would yield results that are consistent with the theory. The error correction coefficient, which represents the speed of adjustment in this specification, is negative and significant, confirming the view that per capita GDP in WAEMU countries converges to a common steady-state path.
The speed of adjustment is also higher than the one estimated with simple fixed effects models. The PMGE indicates an average speed of convergence of 27 percent, much higher than the 10-11 percent estimate with alternative simple methods presented in Table 2 above and in the literature. In summary, WAEMU countries converge to a common steady-state growth rate regardless of their specific economic policies with a speed of absolute adjustment of 6 percent. The speed of adjustment jumps to 27 percent once they harmonize their investment profile (conditional convergence). In this instance, the convergence criteria on investment increases the capacity of countries to absorb exogenous shocks. However, the average speed of adjustment obscures a large volatility in WAEMU countries' response to shocks. 8 The individual speed of convergence ranges from a low of 2 percent for Burkina Faso to a high of 71 percent for Togo. Interestingly, the results show that landlocked countries like Burkina Faso, Mali, and Niger have lower speed of adjustment. Intuitively, and on top of geographical influences, one would expect the speed of convergence to be higher for countries that have a more flexible economic system. Hence, structural reforms aimed at promoting private investment should be viewed as policies that could increase the speed of adjustment. In addition, economic diversification offering opportunities to move from a productive activity that has experienced a negative price shock to an alternative source of income generation would help strengthen the countries' response to shocks. Table 4 presents correlation coefficients between the speed of adjustment of each country and variables that could have an impact on the ability of a country to adjust to exogenous shocks. It shows that countries where the share of imports in GDP is high react more promptly to production shocks, and conversely those where the share of exports is high tend to react more slowly than others. In particular, countries that import relatively highly manufactured products also react more promptly to shocks. The negative correlation between exports and speed of convergence can be explained by the fact that WAEMU economies are not diversified and export raw commodities for which they are price takers. For example, an adverse shock in the price of cotton would reduce the production of cotton without increasing the production of another good to offset completely the loss of value added. An increased share of foreign direct investment (FDI) in GDP can also ease the transition of economies to their steady state. However, when FDI is combined with low levels of domestic contribution to national investment, it reduces the convergence speed. This could be interpreted as a call for more emphasis on encouraging domestic private sector-led growth. This is confirmed by the fact that lower government consumption appears to be an important policy tool for absorbing shocks and returning the economy to its steady-state growth path after an exogenous shock. The results show that the country's flexibility and responsiveness to shocks decreases when the government expenditure on final consumption increases.
It is worth mentioning that the share of the variance of per capita GDP that is captured by the Solow variables is low, indicating, in line with the literature on endogenous growth, that there are other forces that drive long term growth, in particular gains in factor productivity. Thus, the paper evaluates next the relative weight of factor utilization and factor productivity in explaining growth and differences in per capita GDP in the WAEMU zone.
C. What Drives TFP and TFP Growth in WAEMU?
For the purpose of growth accounting, TFP growth is equated in the literature to the residual of GDP growth that cannot be attributed to changes in the volume of factor inputs. The computation of average TFP growth for WAEMU countries has been obtained by retrieving the residuals from the regression that controls for the devaluation effect and that uses raw data that were not demeaned. The regression results are those presented in the last column of Table 2 . This procedure would ensure that the common factor driving growth, if any, be accounted for in explaining variations of TFP growth. TFP growth for WAEMU is a nonweighted average of TFP for individual countries. Table 5 indicates that total factor productivity growth has been very weak in explaining average growth of WAEMU economies over the last three decades and that per capita GDP growth was mainly driven by factor inputs. Indeed, the slow GDP per capita growth could be attributed partially to losses in the efficiency with which production factors are used, since the non-weighted average of TFP growth is negative at around -0.1 percent throughout the period 1970-2000, with substantial difference before and after 1994.
For some countries, the estimates for TFP growth are quite high compared with the results found in the literature on growth accounting. This could be explained by the scale of WAEMU economies, which are small and poor economies with a very low endowment of technology. Hence, for a given technological innovation, the smaller the initial endowment the higher the growth of TFP. It is also possible that TFP growth as reported in Table 5 encompasses disturbances due to phenomena such as institutional changes, or civil or armed unrest, which happened in several countries during the period under analysis. Fluctuations over time in TFP growth for the zone as a whole have also been pronouncedwith 1994 appearing as a break point -between a minimum of -2.2 percent and a maximum of 2.5 percent. Similarly, fluctuations between countries are striking, with the richest countries recording the worst performance and the smallest and poorest economies benefiting from marked improvement in the efficiency of capital utilization. Indeed, the loss of productivity gains are solely due to the weak performances of Côte d'Ivoire and Senegal, which are the only countries that have negative TFP growth on average. For all other countries TFP has been growing, albeit at different paces across time and countries.
The panels in Figure 4 represent the long-term TFP growth obtained by filtering the residuals using the Hodrick-Prescott methodology to produce a smooth estimate of the long-term component of the residuals. The discontinuity of the pattern of TFP growth reflects the impact of the 1994 devaluation of the CFA franc, which has lifted up temporarily the competitiveness and productivity of the economies in the zone. Factor accumulation during the period 1970-2000 explained the bulk of growth, especially before the CFA devaluation in January 1994. In this period, the Solow residuals were mostly negative for the WAEMU zone as a whole before jumping to positive values after the devaluation.
In the remainder of this section, we investigate the determinants of TFP growth. Drawing on previous research, these determinants are split into several categories that account for the sources of investment, the role of the financial sector along the lines developed by the theory of financial repression of McKinnon and Shaw (1971) , the role of openness and international trade, and the importance of domestic stability and fiscal policy. Table 6 below shows the determinants of TFP growth in WAEMU countries using macroeconomic data that are readily available and that economists generally regard as important policy variables for growth. Although it would be useful to include microeconomic data on factor cost, this was not done due to limitations on data quality and availability.
These results are satisfactory since the long-term impact of the policy variables is consistent with expectations built by the economic literature. First the error correction term is large and highly significant. This implies that countries with the highest level of TFP tend to record the lowest improvements in this variable. Côte d'Ivoire and Senegal had probably the highest level of factor productivity and had recorded the lowest levels of TFP growth, as shown by Figure 4 . In both countries, the stock of physical capital was larger and the economies were more developed at independence. lycl = lagged value of log of per capita output cgte = central government total expenditures and net lending in percent of GDP aid = aid per capita in U.S. dollars pscr = bank credit to the private sector in percent of GDP trd = trade as a percentage of GDP (X+M/Y) = indicator of trade openness inf = inflation measured as percentage change of annual consumer price index (CPI) cgb = central government fiscal balance (including grants) in percent of GDP The sign ∆ before a variable means the first difference of the variable.
The magnitude of the error correction coefficient is more than twice the estimated convergence speed in per capita output growth and is statistically more robust. Hence, the bulk of economic convergence seems to have been driven by convergence in TFP. Small economies in the zone were able to catch up with larger ones through a better utilization of factors rather than a more intense use of inputs.
Government expenditure is found to have a positive impact on TFP growth. This may reflect for example the fact that public investment can enhance the profitability of private investments. Such expenditure should of course be accompanied with fiscal soundness. Indeed, gains in TFP are higher when the government runs limited fiscal deficits.
The positive sign on private sector credit emphasizes the importance of a healthy financial system that can extend credit to private enterprises at affordable costs. It is also an indication that private investment is a major determinant of TFP growth since private investment and credit to the private sector are positively linked.
Openness and aid from multilateral and bilateral donors also positively affect TFP and appear to be important channels through which sustainable growth can be effective. The results obtained for WAEMU countries provide a clear answer to the question raised by the literature on aid. Aid improves growth in WAEMU countries, and the channels are found to go beyond the mechanical increase in investment. Aid improves the average efficiency of factor inputs as it is usually combined with conditionality and procedures to ensure its sound utilization. Aid is also often accompanied with policy advice and technology transfers that help improve factor productivity. In line with the theory of poverty traps, sufficiently high levels of foreign aid would be expected to put WAEMU economies on a path that leads to high steady-state growth. Table 7 below presents the sources of growth for WAEMU countries. It also simulates the improvements in TFP that would be needed for each country to reach a targeted growth of real GDP per capita of 3.0 percent, which could be viewed as the minimum growth rate to reduce poverty.
If factor accumulation is to remain at its average historical level, a 3.2 percent increase in TFP growth from its current level should be recorded for the WAEMU to reach the targeted growth rate of GDP per capita. None of the WAEMU countries has a combination of TFP growth and factor accumulation to reach the targeted growth rate in GDP per capita. Hence, meeting the MDGs would need intense efforts to improve TFP as well as to strengthen the stock of capital, human and physical. Countries that need to significantly boost the efficiency in their use of inputs are, in decreasing order, Niger, Togo, Côte d'Ivoire, and Senegal. Burkina Faso, Mali, and Benin are in contrast the countries that are closest to their requisite TFP growth to reach the assumed growth of per capita output. The bottom of the table presents the policy variables that were found significant in the explanation of TFP growth. The numbers in the table are ranks attributed to the countries relative to each variable. A number j found at the intersection of a country and a variable means that the country occupies the j th worst performance among WAEMU countries relative to this variable. Hence, the lower the rank, the higher the priority that the country should devote to this variable to foster TFP growth. The last row of the table ranks the countries by averaging the ranks attributed to each variable. Here also, the lower the rank, the higher the need for sound macroeconomic policies to foster TFP growth.
Niger appears to be the country that needs the most improvement in macroeconomic policies to foster TFP growth. In particular, increasing the government's capacity to spend in targeted sectors and strengthening the financial sector would support growth at a given level of factor accumulation through gains in TFP growth. Although Burkina Faso has recorded the highest TFP growth in the zone, it ranks second, behind Niger, for countries in which further improvement in macroeconomic policies would be welcome. In particular, further opening this landlocked country to international trade, as well as increasing the banking sector's participation in the financing of private companies would foster TFP growth. The case of Benin is interesting as it shows a country needing an improvement in almost all listed macroeconomic variables, but with relatively low intensity. TFP growth would be fostered in the case of Togo by increasing international assistance to that country and strengthening its fiscal stance. The economy of Mali would also gain from a tightening of the government fiscal balance along with the improvement in the allocation of public resources 9 . As regards Côte d'Ivoire and Senegal, which had the lowest TFP growth in the WAEMU zone, it appears that the priority for improving TFP growth does not lie in further macroeconomic adjustment, but rather in the implementation of structural measures that would reduce distortions and the role of the government.
IV. CONCLUSIONS AND POLICY IMPLICATIONS
This paper has investigated the convergence assumptions of the Solow model and the determinants of growth in WAEMU countries. The econometric methodologies used have consistently accepted the absolute convergence as well as the conditional convergence hypotheses. When the countries' specific variables are not controlled for, WAEMU economies tend to converge to a steady-state growth rate of real per capita GDP with a speed of 6 percent a year. Countries with similar investment ratios converge at least three to four times faster to their common steady-state value. The speed of convergence has also been found to be correlated with proxies of the economies' openness and indicators of flexibility.
Using econometric techniques that allow a distinction between short-term and long-term effects, the paper has found that investment in human capital is an important determinant of per capita output growth.
The growth accounting exercise has shown that growth has been mainly driven by factor accumulation rather than TFP growth in WAEMU countries and that the weak growth performances observed took place because of deteriorating efficiency in the use of productive capital, mainly in the two larger economies. Given the quality constraints of macroeconomic data, it would be interesting in further research to conduct a growth accounting exercise using the dual TFP methodology to assess the robustness of the results presented in this paper that uses the primal growth accounting method.
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The paper also found that TFP is correlated with exogenous macroeconomic data, suggesting the existence of increasing returns to scale and imperfect competition. These results indicate that TFP can be improved by the implementation of sound macroeconomic policies that would significantly enhance the government's fiscal position. TFP would also, in all probability, be strengthened by a better allocation of savings through a stronger financial sector. For countries like Côte d'Ivoire and Senegal, the results suggest that the marginal effect on growth of further macroeconomic adjustment would be less important than in other countries in the zone, and that, relative to other countries in the zone, the emphasis should be placed on structural reforms and/or political stability. The results also indicate that government spending is not a deterrent to growth, when combined with a sound fiscal stance. Sound macroeconomic and structural policies along with aid from the international community are much needed in order for the countries to reach the Millennium Development Goals set in their poverty reduction strategies. It would also be interesting to investigate whether, at the level of development of WAEMU countries, aid has diminishing returns. This would be a valuable input for development agencies to design ex ante the path of their assistance to WAEMU countries.
MAIN ELEMENTS OF A NEOCLASSICAL TYPE GROWTH MODEL
Following Favero (2001) we analyze the main features of the neoclassical growth models starting with a Cobb-Douglas production function where output, Y, is determined according to:
. L, labor, and K, physical capital are the two inputs that are remunerated at their marginal productivities. The capital stock series follows the perpetual inventory accumulation framework, and saving is supposed to be identical to investment: The per capita steady-state output growth, y * , is hence derived as:
The per capita output growth fluctuates randomly around its steady-state level. Furthermore, the model supposes that A ln represents not only the level of technology but also other country-specific factors that can eventually impact domestic growth such as institutions, political and social stability, market structure, environment, and policy variables. These two assumptions introduce a stochastic structure into the deterministic representation of the per capita steady state output growth of equation (A1.1). This gives Solow's simple representation of per capita output path that forms the basis of the core part of the empirical literature conducted on growth determinants and growth accounting: , and
. v i is a country-specific shock and u i an independent and identically distributed (i.i.d.) disturbance that randomly induces deviations for a short-term period, of the level of realized per capita output from its steadystate level.
The basic Solow model has been used extensively to estimate the determinants of growth and the shares paid to capital inputs. The derived point estimates obtained might contain a bias due to a possible under-parameterization of the model. Mankiw, Romer and Weil (1992) address this misspecification by introducing human capital as an explanatory variable in the context of a model known as Human Capital Augmented (HCA) Solow Model. The HCASolow model considers the production function ( )
and describes the path of per capita output as follows:
where s k and s h represent the shares of output invested in physical and human capital respectively, and subscript i a country.
The HCA Solow model can be rewritten for an explicit treatment of country-specific variables that capture some of the unexplained patterns of growth dynamics and differences in steady-state level of income per capita across WAEMU countries. Assuming that the error term i ' ε is correlated with policy or structural variables, i X , we can express it as:
. Hence, the model is as follows: 
ESTIMATION ISSUES, AND INCONSISTENCY DUE TO IGNORED HETEROGENEITY
Several methods have been proposed in the literature to estimate panel data models. The first studies on convergence (e.g., Barro, 1991) estimated models of growth with panel data using prior beliefs on homogeneity among countries as suggested by the Solow model. The recent debates in the econometric literature focus on the right way to account for country heterogeneity. Formally, country heterogeneity can be detected in the regression equation at the level of the intercepts or in the slope parameters. Fixed effects and random effects estimators take into account country heterogeneity in the constant term, based on different assumptions and set of constraints on the generating process of the intercept. Although the choice "fixed effects versus random effects" can be dealt with quite simply by the implementation of the Hausman test, this test does not address the issue of slope heterogeneity. Several studies have used the fixed effects model to estimate the speed of convergence. Recent contributions in the econometric literature on panel data, however, show that those estimators are heavily biased and inconsistent. Lee, Pesaran, and Smith (1998) argue that the estimator of the speed of convergence obtained by Barro in his celebrated 1991 paper is inconsistent since it incorrectly assumes homogeneity of growth rates across countries. They further argue that the right way to account for heterogeneity is to consider an unrestricted model that allows for country differences in steady-state levels or rates of growth, and different convergence speeds across countries. The reasons for the inconsistency in speed of adjustment estimates that are based on mistaken homogeneity assumptions are presented below. For the sake of simplicity we consider x it to be a scalar random variable. Results obtained in this setting are valid in the context of equation (1.3) with country-specific slopes and intercepts, where x it represents a vector of variable, comprising the Solow determinants of growth and other policy variables. Equation (A2.1) can be rewritten as: Equation (A2.9) shows clearly that the residual term in the regression is correlated with the regressors, yielding inconsistent fixed or random estimators. Moreover, the inconsistency of the estimators cannot be eliminated asymptotically. Hence, incorrectly ignoring heterogeneity in a dynamic panel data model have yielded inconsistent estimators of the speed of adjustment that will tend to zero even if the source of heterogeneity is random. Studies that have this weakness have yield downward-biased estimators, as shown by Lee, Pesaran, and Smith (1997 and theoretically and also empirically, using Summer and Heston panel data.
To address this inconsistency, alternative estimators have been proposed, including the mean group estimator (MGE) and the pooled mean group estimator (PMGE). The MGE of dynamic heterogeneous panels is produced by a two step procedure. In the first step the country specific parameters are estimated, using Ordinary Least Squares (OLS). Then the MGE estimators are obtained by averaging (nonweighted average) these estimators across countries. However, when the time horizon is small, the MGE estimator is biased and can yield misleading results, although Hsiao, Pesaran, and Tahmiscioglu (1999) and Pesaran and Zhao (1999) propose alternative methods to address this small sample bias. If the Solow model's homogeneity assumption holds, the appropriate estimator to be used is the pooled fixed effects estimate or the PMGE that is obtained through maximizing the quasi-maximum likelihood of the dependent variable in equation (A2.3). The Solow assumption can be tested using a likelihood ratio test or a Hausman type test of parameter homogeneity which compares the MGE and the PMGE directly. Consistent estimates of the mean of the long-run coefficients can be easily obtained from the MGE. These, however, will be inefficient if slope homogeneity holds. Under slope homogeneity, the PMGE is consistent and efficient. Therefore, the effects of heterogeneity on the means of the parameters can be determined by a Hausman-type test between the MGE and fixed effects, or PMGE.
TESTING THE PRESENCE OF UNIT ROOT IN PANEL DATA
Consider the stochastic process, x it , generated by the first order autoregressive process:
There is a unit root in x it if the coefficient on its lagged value is equal to one. Rewrite equation ( If the errors are serially correlated, the test statistic is transformed to account for this serial correlation in the averaging formula for NT t and in using a modified standardized t-bar statistic. The IPS unit root test assumes that the errors are generated independently across countries and is no longer applicable if this assumption does not hold. In this case, we need to remove the effect of the common time-specific component of the autoregressive representation of the stochastic process, and apply the standardized t-bar testing procedure to the demeaned regressions to test the null hypothesis of unit root. The estimation of the static Solow model using fixed-effects technology gives quite intuitive results. The impacts of investment in physical and human capital are positive and significant. However, the positive and significant coefficient on labor force growth is not consistent with the prediction of the Solow model. In using robust methods for the estimation, the labor force growth is now found to be insignificant but the impact of human capital is still positive and significant. Results based on this category of estimation methodologies have been frequently presented in the literature in the early development of panel data estimation methods, although they are misleading since the variables might be cointegrated (see tests of unit root above), yielding a spurious correlation. The introduction of dynamics in the specification of the model improves the results and dramatically reduces their sensitivity to the estimation technique used. The fixed effects estimation and its robust version give broadly the same results. Human capital is no longer significant and the long-term statistical significance of labor force growth is barely supported by these models, although the coefficient sign is still positive and its impact shows up strongly in the short run. The dynamic fixed effect regression technique has been the most widely used approach these past years in attempts to estimate growth and convergence with panel data. The results generally presented in the literature are also consistent with those presented in Table 2 which show an important positive impact of investment and saving on growth but no role for human capital in explaining the steady-state path of growth and differences in countries' GDP per capita. To address the drawbacks of the models presented above, we consider the following η is I(0). Although country specific changes of real economic activity should be allowed in the short run as a response to changes in investment in human and physical capital, we assume that, given the similar structure of the economies, the long run impact of those variables are the same. Hence, the long-run coefficients on i x , defined by i i i φ β θ − = are supposed to be the same across the seven WAEMU countries. It may be of interest, in further research on growth in the zone, to constrain only a subset of the long-run parameters to be the same across countries to identify the variables for which such an hypothesis is statistically sustainable and to investigate the socioeconomic reasons. Tests of the homogeneity of error variances and/or the equality of (some of) the short-or long-run slope coefficients across countries can be readily carried out using the Likelihood Ratio or other classical statistical procedure, since the PMG and fixed effects estimators are obtained using restricted versions of the set of individual country equations. We present an alternative testing procedure à la Hausman. Under the long-run slope homogeneity hypothesis the Hausman statistic is asymptotically distributed as a χ2 with three degrees of freedom.
SENSIBILITY OF RESULTS TO ECONOMETRIC METHODOLOGY
Assuming that all long run coefficients are the same across WAEMU countries, the error correction model for the estimation of the partial adjustment φ and θ , (ii) the long-run homogeneity assumption introduces restrictions on the cross equation parameters, and (iii) the error variances differ across countries. The estimates of the long-run coefficients, θ , and the group-specific error-corrections coefficients, i φ , are the quasi-maximum likelihood estimators that have been averaged across countries to obtain group-wide mean estimates of the error correction coefficients and the other short-run parameters of the model.
